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Before the
FEDERAL COMMUNICATIONS COMMISSION

Washington, DC 20554

In the Matter )
)

Teehnical Standards for Determining )
Eligibility For Satellite-Delivered Network )
Pursuant To the Satellite Home Viewer )
Extension and Reauthorization Act )
Reauthorization Act of 2004 )

ET Docket No. 05-182

COMMENTS OF ECHOSTAR SATELLITE L.L.C.

EchoStar Satellite L.L.c. ("EchoStar") hereby submits its comments on the

Notice ofInquiry released by the Commission on May 3,2005 ("NOI") seeking comment on the

adequacy of the digital signal strength standard and testing procedures used to determine whether

households are eligible to receive distant digital television ("DTV") network signals from

satellite carriers,l

Section 204(b) of the Satellite Home Viewer Extension and Reauthorization Act

of 2004 ("SHVERA") substituted a new Section 339(c)(1) of the Communications Act, 47

u § 339(c)(1), clirec:tjng Commission to complete, not later than one year after

SHVERA's enactment, "an inquiry regarding whether, for purposes of identifying if a household

is nn,<pnJPr! by an ad!~qu.ate (17 § 119(d)(l0)], digital signal

strtmg-th standard in or

statutes or re~~ul~itI(>nSZU1VUIU be rpVl'lPf!" to into account VaI"lotlS s1:atlltoty



factors affecting signal strength and reception. 2 SHVERA also directed the Commission to

consider whether a predictive methodology should be developed for determining whether a

household is unserved." The Commission is required to submit a report to the House and Senate

Commerce Committees containing the results of its inquiry and recommendations for changes, if

any, to the statutes and regulations in question.

The issues raised in the NOI are vital to the DTV transition and to Congress's

intent to provide households unserved by an adequate digital signal from their local network

station with the option of obtaining a distant digital station affiliated with the same network from

their satellite carrier. The issue is more stark for digital than for analog signals. More often than

with analog signals, reception problems for DTV are more dramatic, meaning that the picture

cannot be received at all. At the same time, the Commission should not ignore lesser problems

such as tiling or other digital artifacts - consumers have higher DTV picture quality expectations

and should not be expected to tolerate reception of such quality. In addition, reception problems

that are not associated with inadequate signal strength (e.g., the multipath phenomenon} still

have to be taken into account. In the case ofDTV reception, multipath problems do not result in

a "ghosted" image as in the case of analog reception. Rather, as the Commission itself

"'151J[(!!"', although they on~~mate

inteiference that can

the same transmitting source,

in the complete



For these reasons, it is important to ensure that the digital signal strength standard,

testing prc)ce,dm'es, and any predictive model to det:ennirle whether a household is

unserved, take into account all factors that affect whether an artifact-free DTV picture can

actually be received, and not merely whether the DTV signal is strong enough at the location in

question. To this end, EchoStar commissioned an engineering study by Hammett & Edison, Inc.

("H&E") (see Attachment A). The results of that study suggest a number of changes to the

Commission's rules are necessary to make the digital signal standard and testing procedures

more accurate. In short:

• The Commission should revise upwards its DTV signal strength
standard.

• The Commission should revise its testing rules to take account of
multipath interference. Static multipath corresponds to a measurable
signal strength penalty. The Commission should make allowance for
this penalty.

• The Commission should also revise its testing to reflect the fact that
the vast majority of DTV households have either indoor antennas or
imperfectly pointed outdoor antennas. The Commission ld
prescribe indoor testing, preferably by use of typical indoor antennas,
and allow for an appropriate adjustment ifperfectly pointed
professional equipment is used.

• The Commission should the measurement rules to take account
of the significant time variability of DTV signals.

• The Commission should recommend to Congress the adoption ofa
predictive model with an improved variability factor and
improvements to account for DTV due to building

use and land cover as as other

hclloi::itar also notes that with exc:eption of the DTV pre,dicl:ive model, the

the aut!lonty to pra,mulgate

Should commence a rulem,akmg p[()ceedJlng to
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I. THE DIGITAL STRENGTH STANDARD SHOULD BE REVISED TO
ACCOUNT FOR DTV RECEIVER PERFORMANCE AND MAN-MADE NOISE

H&E points to two reasons why the digital strength standard may be inadequate.

First, tested five commercially UHUIVUlv DTV receivers four consumer receivers and one

professional receiver - and found that the signal sensitivities of the current generation eonsumer

DTV receivers can be significantly worse than the signal sensitivities assumed in the

Commission's DTV planning factors for the digital signal strength for VHF and UHF DTV

channels.6 As a result, many consumer DTV sets may not be able to display a DTV picture even

when the strength of the digital signal meets the Commission's standards. Aecordingly, the

digital strength standard should be revised upwards to take into account these marketplace

realities.

Another reason is man-made noise, which particularly affects signal levels at low-

band VHF channels (2_6).7 As more fully explained in the H&E study, man-made (or impulse)

noise was not adequately taken into account in the Commission's DTV planning factors,

particularly at low-band VHF frequencies (TV Channels 2-6). As a result, the Commission did

not build in a sufficient margin for noise when it set the signal strength standard for those

channels. H&E cites studies that found that median noise levels in Boulder, Colorado

approached 20 dB at 137 MHz, which implies a median value approaching 30 dB at 54 MHz. As

H&E concludes, "[i]f20 or 30 dB of man-made noise is added to the thermal noise floor,

certainly some VIewers

3.

at 1.

areas una.ble to recerv'e low-band DTV signals due to
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excessive man-made noise."g H&E concludes that the signal strength standard for the low-band

VHF signals should be increased by 12-30 dB to account for such nQise.

II. DIGITAL SIGNAL TESTING SHOULD INCLUDE TESTING FOR MULTIPATH
INTERFERENCE PROBLEMS

Multipath interference in the analog context results in "ghosted" images that are

of poor quality, but that are typically still viewable unless the problem is severe. In contrast, as

the Commission has recognized, multipath interference is an even more acute problem for DTV

reception: "[t]hese signals, although they originate from the same transmitting source, are out of

phase and can cause severe interference that can result in the complete loss ofthe digital

service.,,9 Moreover, multipath interferenee can be static (caused by signal reflections off fixed

structures) or dynamic (caused by signal reflections off moving objects, e.g. airplanes or ears).

While dynamic multipath interference is difficult to account for, the H&E study

shows that static multipath interference can be measured and its severity can be expressed as a

signal strength penalty eaused by the equalizer on the DTV receiver attempting to compensate

for the multipath "echoes."l0 This penalty should be subtracted from the measured digital signal

strength before it is compared against the Commission's digital strength standard. Given the

acuteness of multipath interference for DTV reception, the Commission should change its testing

rules accordingly to incorporate the methodology described in the H&E study for taking such

problems into account.

at 10.

at~

at
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III. THE SIGNAL STRENGTH AND TESTING PROCEDURES SHOULD TAKE
INTO ACCOUNT INDOOR ANTENNA USE AND THE LACK OF ROTATION
IN OUTDOOR ANTENNAS

the H&E study points out, the testing procedures assume an outdoor antenna

that can be accurately pointed so as to receive the strongest possible signaL II However, an

outdoor antenna is not practicable for many households, particularly people who live in

apartment buildings. Moreover, even households that have outdoor antennas often do not have

rotating antennas or have a practicable means of re-pointing their antennas "on the fly" to

achieve optimum reception for every broadcast station in the market. These realities need to be

taken into account

A. Indoor Antennas

With respect to indoor vs. outdoor antelmas, the Commission has recognized that

"because structures located within the line of sight between the transmitter and the receiving

antenna can block or weaken the strength of received signals, an outdoor antenna installation ...

will generally allow a stronger signal to be received by the antenna than will an indoor antenna

installation. Thus, households in which the antenna is placed indoors will generally need an

antenna with greater gain than will a household in which the antenna is placed outdoors.,,12

However, as the H&E study shows, "[b]ecause of limitations on the physical

dimensions of indoor antennas, they have always had less gain than typical outdoor antennas.,,13

Indeed, review of existirlg literature published as rp('Pot!'v as 2005 and as back as

1959 that indoor antennas consistently have ofabout 9 dB below outdoor

-6
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antennas. Moreover, the problem of the reduced gain of indoor antennas is exacerbated by

building penetration losses. As the H&E study shows, because the signal has to penetrate the

roof and walls of the building before it ean be received by the low-gain indoor antenna, the

signal strength loss can be as great as 30 dB for VHF in a high clutter area like New York City,

but can vary depending on which floor of a building the indoor antenna is placed.

Because the signal testing procedures require an outdoor test with professional

equipment, those procedures penalize the many apartment dwellers and others that cannot

practically install and make use of an outdoor antenna. Perhaps in recognition of this, the

Commission sought comment on whether and when indoor testing should be performed. 14

Indoor testing should be required. Moreover, the test should ideally be conducted using a typical

indoor antenna. However, if a professional antenna were to be used instead then the signal test

result should be reduced by 9 dB (at the very least) to account for the lower gain of indoor

antennas.

B. Lack of Rotation and Antenna Pointing Error

Because the signal strength testing procedure requires the testing antenna to be

oriented so as to maximize signal strength, it implicitly assumes that every household has a

rotating antenna can be re-pointed to optimize reception for each local station. This is an

unrealistic assumption. Indeed, in some markets, not all of the network stations may be

same so be no "optimal" onenl:atIon.

households with antennas cat:lable :)j:' rotatlmg gerlcnilly not ability to the

antenna

non-r'ot::ltlrlg antenna.

so most mttmts and pmpOf;CS, antenna is a
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While the H&E study does not provide an average signal loss from mispointing, it

does note a worse case loss scenario of 14 dB for a high performance antenna at UHF. 15 This

suggests that the signal strength loss from the lack of rotating antenna can be significant and

should therefore be taken into account. One way to do so would be to conduct further study to

determine the "average" signal loss caused by the lack of a rotating antenna and to subtract that

from the measured signal strength before comparing it against the Commission's signal strength

standard.

IV. DIGITAL SIGNAL STRENGTH TESTING SHOULD BE CONDUCTED OVER A
REASONABLE PERIOD OF TIME TO ACCOUNT FOR TEMPORAL
VARIATIONS IN SIGNAL STRENGTH

Current digital signal strength testing procedures involve the taking of essentially

instantaneous signal strength measurements. However, the H&E study shows that digital signal

strength is characterized by significant variability over time, usually caused by atmospheric

conditions. 16 Indeed, as H&E point out, the Longley-Rice propagation model is based on

empirical data about time variability. It would be strange for a predictive model to incorporate

time variability but for actual testing to ignore it completely.

Accordingly, the Commission's signal strength testing procedures should be

modified to take into account this variability in signal strength over time. This could be achieved

by taking the cluster measurement as the assumed median and applying a correction factor so

that 90% reliability is achlleved. COJ:Te<;tlcln factor can derived from

(median) and F(50,90) contour projection. more fully

two at

at 3.
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distance from the transmitter could serve as an appropriate correction factor to adjust for time

V. THE INDIVIDUAL LOCATION LONGLEY-RICE PREDICTIVE MODEL
MUST BE IMPROVED BEFORE IT IS USED TO DETERMINE 'WHEN A
HOUSEHOLD IS UNSERVED BY A LOCAL DIGITAL STATION

Finally, the H&E study suggests changes to the current Individual Location

Longley-Rice ("ILLR") predictive model if it were to be used to determine when a household is

digitally unserved, including an improved time variability factor and incorporating more realistic

values for system noise, building penetration, and land cover and clutter.

A. Improved Time Variability Factor

As H&E points out, The ILLR model developed to predict analog signal strength

is based on a time variability factor of 50%, which implies that a household predicted to be

served may not actually have an adequate signal 50% of the time. 18 For DTV reeeption

purposes, this likely means inability to receive a DTV picture for 50% of the time, which is

clearly unacceptable. Even improving time reliability factor in the model to 90% would help but

would still mean that bouseholds predicted to be served may not actually have digital service for

up to five weeks of the year. Consequently, H&E suggests that "[a]n increase in temporal

reliability to 99% (or better) seems prudent until there is greater experience with consumer

reception ofDTV signals, although this represents still 3.65 days a year without a usable

at II.

at 7. at 11.
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B. System Noise

With respect to system noise, H&E notes that while the FCC planning factors for

DTV receivers did include a system noise figure, it assumed a conjugate-impedance match

between the receiver and antenna. This is rarely the case. H&E's calculations based on the

characteristics of more typical antennas suggest that the predictive model should take into

account an effective system noise figure increased by 3 dB to correct for the inaccuracy in the

FCC planning factors.

C. Building Penetration

As noted earlier, the H&E study shows that signal strength loss due to building

penetration can be as great as 30 dB for VHF in a high clutter area like New York City, but that

such values will vary depending on which floor of a building the indoor antenna is placed.20 The

typical loss figures reported by H&E are preliminary, but clearly illustrate the existence of the

building penetration loss phenomenon. Further study may yield a more complete set of figures

for incorporation into the ILLR predictive model, especially as applied to apartment dwellers

using indoor antennas.

D. Land Use and Land Cover

With respect to land cover and clutter, the Commission has repeatedly recognized

that incorporation of such factors into the ILLR model would improve its accuracy?l However,

while the Commission the NOI claims that the ILLR currently takes into account land use and



land cover, the Commission has in fact set almost all of the clutter-loss values for the VHF

channels at zero land use/land cover category model -- which means that the

signal loss from land use and land cover will be the same in the urban canyons in New York City

as in the plains Kansas?3 EchoStar has challenged this approach in the analog context, but

incorporation of more realistic values for land use and land cover is even more important for

DTV reception than for analog reception. As noted earlier, while analog signal strength and

quality problems may lead to deterioration in picture quality, digital signal problems can lead to

not just a degraded picture with tiling and digital artifacts, but also an abrupt and total loss of

digital service.

VI. CONCLUSION

EchoStar urges the Commission to take the above comments and the H&E study

into account in fonnulating its report and recommendations to Congress.

Respectfully submitted,

Pantelis Michalopoulos
Chung Hsiang Mah
STEPTOE & JOHNSON LLP

Avenue,NW
.20036

David K. Moskowitz
tXeclltl\re Vice President and General Counsel
ECHOSTARS ELL
9601 South
Englewood, 8011
(303) 723-1000

Karen Watson
Liehennan

ECHOSTAR SATELLITE L.L.C.

Counselfor EchoStar Satellite

June 17,
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EchoStar Satellite LLC.· Englewood, Colorado

Statement of Hammett & Edison, Inc., Consulting Engineers

The firm of Hammett & Edison, Inc., Consulting Engineers, has been retained by EchoStar Satellite

L.L.C. to prepare an engineering statement in response to the FCC's Notice of Inquiry in ET Docket No.

05-1 "Technical Signals.

Background

In Notice of Inquiry in Docket No. 05-182 ("NOI"), the Commission seeks, among other things,

information and comment on current regulations that identify households that are unserved by local

analog broadcast television stations in order to determine if the regulations may be accurately applied to

local digital broadcast stations for the same purpose. Specifically, the Commission seeks technical

information in the following areas: (l) whether a new standard should account for the fact that an

antenna can be mounted on a roof or placed in a home and can be fixed or capable of rotating, (2)

whether the codified system of "cluster measurements"2 should be amended to create different

procedures for determining the requisite digital signal strength, (3) whether a standard should

developed that does not require the presence a signal of certain strength to ensure that a household can

receive a high-quality picture, (4) whether to develop a predictive methodology for determining whether a

household is unserved by an adequate digital signal, (5) whether there is wide variation in the ability of

reasonably priced consumer digital television ("DTV") sets to receive over-the-air signals, and (6)

whether to account for factors such as building loss, external interference, and clutter.

television, all of these technical factors impact not only the quality of the picture received, but

whether a picture can be received at all. As the General Accounting Office has noted, "[t]here are some

concerns that digital television sets in locations with a weak: signal will have difficulty receiving over-the

air broadcasts. This issue is important for the DTV transition because with a digi unlike an

analog signal, the picture is lost completely when the signal is inadequate.

currently tolerate snowy analog signal could find themselves without any signal at aU when they

try to receive the digital broadcast signaL

. Additional Federal Could Advance Television

I of 15



EchoStar Satellite L.L.C. • Englewood, Colorado

1. Consumer Receiving Antennas

Uncommon use of rotatable outdoor receiving antennas

Implicit in the Commission's distant network eligibility rules is the assumption that all viewers employ

outdoor directional antennas, which are adjusted (rotated) to achieve optimum reception.4.5 is a

flawed assumption for several reasons. The U.S. Congress' Government Accounting Office (GAO)

found that 1 or 20.8 million U.S. households rely upon over-the-air antennas exclusively.6 One might

expect that many homes also have secondary or tertiary television receivers in the kitchen, bedroom,

workshop, etc., which are typically connected only to set-top antennas. Indeed, the GAO also found that

another 15% of households that subscribe to either cable television or direct broadcast satellite (DBS)

service have at least one TV set that utilizes an over-the-air antenna. In sum, the GAO found that of

U.S. households receive at least some television signal off-air using an antenna.

Our corporate experience over the past 53 years has been that only a small fraction (perhaps 10-15%) of

households having outdoor antennas also utilize an antenna rotor. The vast majority of consumers who

have antennas for over-the-air reception are believed to use antennas that are fixed and not rotatable. Even

so, most if not all rotors do not have automatic or remote-control adjustments, so the typical viewer must

arise from the couch to adjust the antenna rotor; such physical activity seems unlikely in this age of

remote-control "channel surfing." Also, the rotor itself has some latency of perhaps one per 6°

of rotation~7 because DTV typically require about one second to lock onto a channel and

produce a picture, this latency further slows the channel surfing process, and would be expected to result

in consumer dissatisfaction.

5

t:DIS()N, INC.

antenna in the direction

purposes based
television

purpos,es are
somewhat
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EchoStar Satellite LLC. • Englewood, Colorado

Antenna pointing errors

Few viewers of over-the-air television have or use outdoor antennas that are rotatable, but unless a fixed

antenna is properly oriented less than optimum signal levels will be obtained. In most markets, not all

television stations transmit from a common site, so reception of one or more stations will be impaired due

to the reduced off-axis performance of television receive antennas. The Terrain Integrated Rough-Ea.'1:h

Model (TIREM)8 was used to project the all In U,S. over a

random sample of million calculation points the continental U.S.9 This large sample

indicates that the majority of all persons in the U.S. are able to receive at least two NTSC signals of

Grade B or greater intensity. 10 Of the households that are predicted to receive at least two stations, the

calculations show that the majority receive at least one of those stations from an angle that differs by

greater than 25° from another station. A half-power beamwidth of about 50° (±25° from the direction of

maximum gain) is assumed in the Commission's planning factors for DTV,l so almost all households

will have impaired reception of at least one station.

Significantly, most "fringe" viewers (70.5%), households predicted to comparatively weak

signals in the Grade A to Grade B range from at least two stations, receive those stations from directions

differing by or greater. A majority of these fringe viewers have pointing errors such that the full

front-to-back ratios assumed by the Commission for its allocation and interference analyses would apply.

That is, at least one signal level would be reduced from the predicted value by 10, 12, or 14 dB, depending

upon whether the station involved operates at VHF-low band, VHF-high band, or UHF frequencies,

respectively. From these data, it seems clear that most viewers will not be able to receive optimally all

available DTV stations without a properly oriented rotatable antenna.

Indoor antennas

discussed above, the GAO found that about 34% of U.S. households utilize over-the-air receiving

antennas for TV reception,12 and many of these antennas are expected to be . -of-set)

models. As discussed below, indoor receiving antennas are generally not ve have lesser

gain than most outdoor antennas, and are often not easily adjusted. The signal strength levels

the in Section which are predicated on the use of an outdoor antenna, are

recelvin,g antenna is an

repres<~ntative of the
stations can



EchoStar Satellite L.L.C. • Englewood, Colorado

Because of practical limitations on the physical dimensions of indoor antennas, they have always had less

gain than typical outdoor antennas. Consumer television antenna figures have been published at

various times. In 1959, TASO, based upon manufacturer data and data supplied by AMST (now MSTV),

reponed average gain values of 3.7, 6.8, and 8.0 dBd, for VHF-low, VHF-high, and UHF channels,

respectively. values are comparable with the values given in the DTV planning factors, which are 4,

6, and 10 dBd. Indoor antennas, however, have much lower gains. A PBS studyI3 reported gain figures

for various UHF antennas, finding an average gain of 9.3 dBd for UHF outdoor antennas

(8.6 dBd for combination VHF/UHF outdoor antennas), and an average gain of just .1 dBd for indoor

UHF antennas, representing a penalty of about 10 dB for users of indoor antennas. Similarly, the

Institute for Telecommunication Sciences published a study in 1979,14 which showed average gains of

7.5, and 6.0 dBd for outdoor antennas, but -4.4, -2.8, and -3.0 dBd for indoor antennas,

demonstrating a UHF "indoor antenna penalty" of 9 dB. Recently, Dielectric Communications

published measured antenna performance data on several consumer antennas currently being marketed

for DTV reception. These data show average gains at UHF of 11.6 dBd for outdoor antennas, but 2.4

dBd for indoor models a difference of 9.2 dB. Thus, the gains associated with indoor antennas at

UHF are consistently about 9 dB, or more, below those for outdoor antennas, and persons relying upon

indoor antennas for DTV reception will be at a considerable disadvantage.

2. Cluster Measurements

The small percentage of consumers having or using rotatable antennas calls into question continued

justification of the requirement under Section 73.686(d) that the measurement antenna be rotated for

greatest signal strength. While one might assume that, given the ability to do so, consumers would rotate

their antenna for best reception, the direction of best reception may vary from station to station. Viewers

without rotatable antennas obviously cannot s' achieve optimum reception for all stations.

In addition, the direction of maximum signal strength often produces a poor picture (or the

case of D is obstructed by terrain stations,

might find that the strongest s wall of the valley, but that signals from that

direction also include strong multipath making them unwatchable. Instead, residents may

their antennas toward in but usable . It

s t() O:l1ellt the measurement

aSS1Jmt~a that

Co:mpl)nent lYlea:illre:ments," NTIA

in DTV Rec:eption,
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EchoStar Satellite L.L.C.· Englewood, Colorado

oriented toward a direction that provides the best reception VV\oHHl (but perhaps not optimum

station).

any

The cluster measurement method accounts only for so-called "location variability" of the TV signal. As

will shown, TV signals may also be subject to significant time variability. Indeed, the FCC's criterilon

for DTV coverage is a specified threshold field strength at the best 50% of the locations, 90% of the time,

a and a time variability factor of commonly written as

F(50.90). Because a single set of cluster measurements is assumed to capture the median time signal

strength value, it cannot adequately characterize the time variability to provide reasonable assurance that

the DTV signal will be available 90% of the time. DTV reception fails completely below the threshold

signal level, so it is critical to characterize this time variability.

Time variability might be characterized in several ways. For instance, the 90% time reliability factor could

be derived by applying a correction factor to the assumed median value obtained during the cluster

measurements. The graph below shows the difference in decibels between the UHF F(50,50) and

F(50,90) values used by the FCC for contour projection, as a function of distance from the transmitter

site for three values of transmit antenna height above average terrain (HAAT). To adjust the assumed

"typical" measured field strength to a 90% time value, the appropriate correction factor is subtracted

from the measured value. This method requires knowledge of the distance to the transmit site, as well as

the transmitter HAAT toward the receiving location, which can be a difficult parameter to detennine. As a

simplification, the dark line shows the maximum at any of the three values ofHAAT and might be used if

the appropriate value of HAAT is not known.

ED][SO:N, INC.
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EchoStar Satellite L.L.C. • Englewood, Colorado
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As an example, if the cluster measurements show a median field strength of 43 dBJlV/m at a distance of

50 kilometers from the transmitter site, the F(50,90) value would be 43 - 5 = 38 dBJlV/m.

Temporal variation of signal level

There are considerable empirical data available concerning the variation with time of narrowband

radiofrequency signals.l7 Indeed, the FCC's propagation curves and the Longley-Rice propagation

model are based upon the statistical distributions of such data. There are scant data available concerning

actual measurements of wideband DTV signals, however, and concern has been expressed that the

Longley-Rice algorithm used for distant network qualification may not be usable for wideband signals)!!

One might expect those data to be similar to the narrowband data, at least in terms of first-order statistics

(e.g., median amplitude and variation with time). The availability of a DTV signal is a function both of

this ength and the ability the to compensate

s. Since DTV reception is largely an "all or nothing" n, such temporal

can be used to infer consumer satisfaction with DTV r time.

Hammett Edison, Inc.

could be at

collected temporal data on the amplitudes of fourteen DTV slgllats that

collection occurred over an

Trclpo:>pherie TransmissionLorlg-tlerrn Distributions

Model HDTV Co\'era:ge and
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EchoStar Satellite L.L.C. • Englewood, Colorado

variations occur because of in atmospheric including rain rate, humidity, barometrlc

pressure, and temperature. 19 All of these apply to some degree everywhere the U.S.

Figures IA and IB show data for three line-of-sight paths. The short paths (less than 20 kilometers)

shown in 1A show a strong Rician path loss) component, minimal varIan<:;e

about the mean.20 The cumulative distribution function (CDF) of signal strengths is almost constant

a dB, over the probabilities. Figure IB is also a line-of-sight path,

but it is much longer at over 100 kilometers, and the amplitudes span a wide range from -60 to -75 dBm

(15 dB) over the same time probability range.

Figure IC shows data for three non-LOS paths of significant length (greater than 60 kilometers) showing

signal level variations ranging from 6-9 dB for the shorter paths (KPIX-DT and KKPX-DT) to over 12

dB for the longest path (KNTV-DT).

Of particular interest is the variation in signal level less than 10% the time. Recall that F(50,90) statistical

reliability is stated in the FCC planning factors for DTV. A temporal reliability of 90% can represent no

DTV picture for the viewer 36.5 days a year (10% of the time). Because a DTV signal below threshold

results in no picture at all, allowing for just 90% time reliability (i.e., up to five weeks of outage) seems

not to be in the consumer's best interest. An increase in temporal reliability to 99% (or better) seems

prudent until there is greater experience with consumer reception of DTV signals, although this

represents still days a year without a usable signal.

At VHF high band Channel 12, signal strength variation with time about the median was found to be

about 3.5 dB for 90% probability. Thus, 90% time reception would be expected only if the measured

median signal strength is made 3.5 dB stronger than the DTV threshold. This is the value that must be

Ta the 99% increases the

, 90% p signal 4.9

requires dB above

agree reasonably well with the chart shown on page 5.

dB above the

The asured 90% time

Bay
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3. Factors Other Than Signal Strength that Affect Reception

Four major factors that impact the ability to receive a DTV signal are: 21

• carrier to noise ratio
• multipath
• noise interference (especially impulsive noise)
" interference from other signals

All of the technical information sought by the Commission in this NOI pertains to the impact of practical

or empirical implementations of DTV technology on one or more of these factors. Note that signal

strength is not one of the four major factors listed above.

Adequate signal strength is necessary but is not, by itself, sufficient for DTV reception. Summary data

for twelve DTV field measurement campaigns through 1999 have been reported.22 These data show that

at UHF, of locations having the requisite DTV signal strength at the location of an outdoor antenna

failed to produce a usable picture. This percentage increased to 18% for sites that were obstructed from

the transmitting antenna. For indoor antennas, the ATSC system failed to produce a picture at 26% of the

locations having adequate signal strength. From these data, it might be expected that one-eighth to one

quarter of viewers having adequate signal strength will be unable to receive a DTV picture. Future DTV

receivers will undoubtedly be able to produce a DTV picture in some locations where the earlier receivers

could not, but these results illustrate that there has been a significant failure rate where consumers cannot

rec:erv'e DTV even though a theoretically-adequate signalleve1 is present.

Static Multipath

The presence of multipath ("echoes") in the DTV signal, which can be of fixed delay (typically due to

reflections from terrain and large man-made features such as buildings), causes the so-called "equalizer"

circuitry in the g to create plitude and

phase e to c non-ideal transmission

the increased noise due to equalizer action is

noise enhancement" and is a function of how much correction the various equalizer taps must apply

how the is working). white noise enhancement, in

thre:sbold for DTV
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Sgrignoli23 published the relationship between total equalizer tap energy relative to the tap and white

noise enhancement Over the tap energy range of -20 to 0 dB, the white noise enhancement ranges from

oto 3 dB. At a "good" receiver location (having little multipath), the tap energy might be about -10 dB,

conesponding to a white noise penalty of less than 0.5 dB. However, at a poor location, the white noise

penalty may exceed 2 dB. Therefore, field measurements should include collection of white noise

enhancement values, or equivalently, tap data. Such data can be obtained from professional DTV

demodulators, which are available from several The resulting white noise enhancement would

then be subtracted from the measured field strength.

Dynamic Multipath

There remain some types of channel impairments (e.g., impulse noise and dynamic multipath) and co

and adjacent-channel (and perhaps other types of) DTV interference that even the latest DTV receivers

cannot handle. For example, so-called "third generation" DTV receivers, which (along with fourth

generation receivers) are commonly available today, have difficulty handling single dynamic echoes

grt;at{~r than 40% of the amplitude of the main component25 Such dynamic multipath can occur, for

example, when a DTV signal is reflected off an airplane (which leads to so-called "airplane flutter" in

NTSC systems). Even poorer performance results when multiple dynamic echoes are present, as when

cars are moving on the street or people are walking in the vicinity of an indoor antenna.26

Man-Made Noise

With regard to DTV receiver performance in the presence of impulse-type noise, it is well known that

such noise is the likely cause of many reported failures to receive DTV signals, even though adequate

signal strength is present27 Man-made impulse noise includes sources such as power line arcing,

industrial machinery, automotive ignition es hav' motors vacuums,

dishwashers, dryers, h (e.g., computers, and many

modern electronic devices), ted flaw in the DTV technical

(FCC Rules, Section 73.622(e)(l) is the specified minimum usable signal level at low-band VHF

channels It has that 28 dBpV/m is inadequate in many
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contexts, particularly where there is man-made noise (especially impulse noise) present in the

environment.

The Commission's DTV planning factors do not appear to adequately account for this significant source

man-made particularly at low-band VHF frequencies (TV Channels 2-6), where the minimum

required signal level is assumed to be just 25.2 dB above thermal noise.28 Thermal (kTB) noise power is

-106.2 dBm a bandwidth of 6 MHz, and the minimum signal level required reception

specified in the planning factors is -81 dBm, giving a difference of 25.2 dB system noise,

demodulation, and other factors. The system noise figure of 10 dB assumed in the FCC DTV planning

factors, and the 15 dB signal-to-noise ratio required for DTV receiver operation, leave an implementation

margin of just 0.2 dB.

Past studies have shown that, in rural locations, man-made noise levels are typically 20 dB above kTB,

and in urban areas such noise is typically 30 dB above kTB near 54 MHz (TV Channel 2).29 The

increasing use of electrical and electronic equipment in the U.S. suggests that current noise levels could

become much greater. Indeed, more recent studies30 have found median noise levels in Boulder,

Colorado, approaching 20 dB at 137 MHz, which implies a median value approaching 30 dB at 54 MHz.

If 20 or 30 dB of man-made noise is added to the thermal noise floor, certainly, some viewers in urban

areas will be unable to receive low-band DTY signals due to excessive man-made noise.

DTV measurements on low-band VHF channels conducted in the Washington, DC and Cleveland, Ohio,

areas found a relatively high level of failures at moderate and weak signal levels, which "suggested that

the planning factors adopted by the FCC to predict low VHF service are inadequate - probably attributed

to increase[s] in the environmental noise threshold."31 It has been reported that the minimum field

strength at which the DTY signal is decodable at Channel 2 in an indoor environment is at least 40 dBu,

compared with the specified value dBu.32 appears that an additional margin of 12-30 dB

could be required of low-band VHF DTV signals.

Low-band VHF stations will probably represent a small fraction of all DTV stations, but they may

include rural land areas DBS have many subscribers. According to available

frecIUej1cic~s, which
sigrlific:antly lower

busmeSiS, residcmti,d, and rural

VHF and UHF Fre.~uencic~s.
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